A clinical study was designed to study Streptococcus pneumoniae isolates recovered from a community hospital in Japan from April 2001 to November 2002. A total of 73 isolates were defined as derived from inpatient, outpatient, and hospital staff groups. The MIC results showed that 20 strains (27.4%) were susceptible to penicillin G, 39 strains (53.4%) had intermediate resistance, and 14 strains (19.2%) had full resistance. Low susceptibility to macrolides was also detected: 32.9%, 32.9%, and 34.2% of all strains were resistant to erythromycin, clarithromycin, and azithromycin, respectively. Thirty strains (41%) were resistant to at least two different kinds of antibiotics. Nineteen disparate serotypes were detected besides two nontypeable strains, and the predominant serotypes were 19F and 23F. Pulsed-field gel electrophoresis (PFGE) pattern A was dominant in the serotype 19F group; this pattern was similar to that of the international clone Taiwan 19F. A total of 10 different patterns were detected in the 23F group and were distinguishable from those of the international clones Spain 23F and Taiwan 23F. Pattern b strains were identified in the same ward, and pattern d strains were found both in patients with nosocomial pneumococcal infections (NPI) and in outpatients. In conclusion, drug-resistant S. pneumoniae was spreading rapidly, especially isolates of the serotype 19F and 23F groups. PFGE data revealed interpatient transmission and suggested that there might be some association between NPI patient strains and outpatient strains.
Streptococcus pneumoniae is the most common pathogen of respiratory diseases, often leading to pneumonia, pharyngitis, sinusitis, otitis media, septicemia, and meningitis (1) . Many studies have reported S. pneumoniae as one of the leading causes of community-acquired pneumonia (CAP) worldwide (2, 6, 19, 31, 32, 41) as well as in Japan (13) . On the other hand, nosocomial pneumococcal infections (NPI) result in longer hospitalizations and higher mortality rates because of increased antimicrobial resistance induced after long-term antibiotic therapies (7, 23, 34, 35) . S. pneumoniae also plays a very important role in nosocomial infections of the pulmonary tract and blood, which are more and more widely recognized (3, 8, 29, 34, 35) . Age, previous hospitalization, and previous antimicrobial therapy have been thought to contribute to penicillin-resistant pneumococcal infection in nosocomial outbreaks (18, 27) . Previous studies conducted to determine the antimicrobial susceptibilities of isolates from NPI found that a high percentage of pneumococcal pathogens had multidrug resistance, including resistance to new quinolones (4, 5, 28, 39) . Masaki et al. reported a possible relationship between the pulsed-field gel electrophoresis (PFGE) patterns of Moraxella catarrhalis isolates from hospital-and community-acquired respiratory infections in a community hospital (20) . Yet there still is not sufficient evidence to determine whether a similar pattern exists for S. pneumoniae.
Since pneumonia ranks as the fourth leading cause of death in Japan, it remains a very high priority to investigate the antimicrobial susceptibilities of S. pneumoniae isolates recovered from CAP or NPI and their genetic relatedness, in order to detect potential transmission routes. In the present study, antimicrobial susceptibilities were determined by examining MICs as well as the serotypes for all the isolates. Because PFGE has been reported as a suitable method for confirming interstrain genetic relatedness (16, 17, 21) , it was used in this study to analyze and compare the molecular profiles of isolates from CAP and NPI patients.
MATERIALS AND METHODS
Setting. Tagami Hospital, a community hospital affiliated with Nagasaki University, is located in Nagasaki, Japan. There are 180 beds, 5 floors, and 9 wards in Tagami Hospital, including the outpatient department (first floor), 41 surgery beds (second floor, wards 2W and 2E), 53 internal medicine beds (third floor, wards 3W and 3E), and long-term-care wards with 86 beds (fourth floor, 4W and 4E, 42 beds; fifth floor, 5W and 5E, 43 beds).
Participants. Altogether, 51 patients and 5 hospital staff members were included in this research from April 2001 to November 2002 (19 months). Of 56 participants, 22 were female and 34 were male (ratio, 0.65), and the mean age was 67.6 years (range, 17 to 97). Patients' clinical records were reviewed. Fortyone patients (80.4%) had chronic obstructive pulmonary diseases, six patients were diagnosed with acute bronchitis, three patients were diagnosed with CAP, and only one patient had adenoiditis/pharyngitis. In this study, five hospital staff members took full responsibility for the medical treatment and had the highest frequency of contact with the recruited patients.
Nosocomial pneumococcal infection was defined according to the CDC rec-ommendations (9): briefly, as pneumococcal infection that was demonstrated Ն72 h after admission, excluding those patients who were suspected of having pneumococcal diseases present or in incubation at admission. Pneumonia was diagnosed if there was an appearance of a new abnormal shadow and likely infiltration on a chest roentgenogram and if at least two of the following clinical and laboratory findings were present: fever (temperature, Ͼ37.8°C), cough, production of purulent sputum, dyspnea, and leukocytosis (leukocyte count, Ͼ10,000/ml). Bacterial strains. A total of 73 isolates of pneumococci were recovered from 56 adult participants. The sources of the isolates were as follows: sputum (n ϭ 62), blood (n ϭ 1), bronchoalveolar lavage fluid (n ϭ 1), nasal cavity (n ϭ 1), and pharynx (n ϭ 8). Culture plates were incubated overnight under a 5% CO 2 atmosphere, and optochin sensitivity and bile solubility tests were performed to confirm S. pneumoniae.
Serotyping and antimicrobial susceptibility test. Isolates were serotyped by capsular swelling (Quellung reaction) observed microscopically after suspension in pneumococcal typing antisera (Statens Serum Institut, Copenhagen, Denmark).
MICs were determined by an agar dilution method according to CLSI (formerly NCCLS) guidelines (25) . Serial twofold dilutions of each antibiotic (ranging from 0.008 to 128 g/ml) were prepared. Mueller-Hinton agar supplemented with 5% horse blood was used as the culture medium. Approximately 0.01 ml (10 5 CFU/ml) of a bacterial suspension of each isolate was inoculated onto antibiotic-containing agar and incubated overnight at 37°C. The MIC of each antibiotic was defined as the lowest concentration that prevented visible bacterial growth. All isolates were tested for susceptibility to the following nine antibiotics: penicillin G (PCG) (Meiji Seika Kaisha, Tokyo, Japan), ceftriaxone (CTRX) (Chugai Pharmaceutical Co., Tokyo, Japan), cefditoren (CDTR) (Meiji Seika Kaisha), imipenem (IPM) (Banyu Pharmaceutical Co., Tokyo, Japan), erythromycin (EM) (Dainippon Pharmaceutical Co., Osaka, Japan), clarithromycin (CAM) (Taisho Pharmaceutical Co., Tokyo, Japan), azithromycin (AZM) (Pfizer Japan Inc., Tokyo, Japan), levofloxacin (LVFX) (Daiichi Pharmaceutical Co., Tokyo, Japan), and vancomycin (VCM) (Shionogi Co., Osaka, Japan). Penicillin-susceptible S. pneumoniae (PSSP) was defined as strains for which the penicillin MICs were Ͻ0.125; penicillin-intermediate S. pneumoniae (PISP) and penicillin-resistant S. pneumoniae (PRSP) were defined by MICs of Ն0.125 and Յ1 and by MICs of Ն2, respectively.
PFGE.
PFGE was performed on all 73 strains. The Spanish multidrug-resistant serotype 23F clone (ATCC 700669), the Taiwan multidrug-resistant serotype 19F clone (ATCC 700905), and the Taiwan multidrug-resistant serotype 23F clone (ATCC 700906) were used as reference standards. Strains were grown overnight in brain heart infusion broth, and PFGE of SmaI chromosomal digests was performed as described previously (42) . DNA banding patterns were interpreted according to the criteria of Tenover et al. (37) : a difference of more than three bands in the profile was needed to distinguish between PFGE types.
RESULTS
Antimicrobial susceptibility test. The MICs for the 73 strains are shown in Table 1 . According to the CLSI breakpoint criteria, 20 strains (27.4%) appeared susceptible to PCG (MIC, Յ0.063) (PSSP), 39 strains (53.4%) showed intermediate resistance (MIC, 0.125 to 1) (PISP), and 14 strains (19.2%) showed full resistance (MIC, Ն2) (PRSP). Low susceptibility to macrolides was also detected-32.9%, 32.9%, and 34.2% of all strains were resistant to EM, CAM, and AZM, respectivelywhile the strains showed relatively high susceptibility to all the cephems. Surprisingly, all isolates were fully susceptible to IPM and VCM. In addition, as many as 7 (9.6%) strains were resistant to LVFX.
Serotyping. Aside from two nontypeable strains, 19 disparate serotypes were detected (Fig. 1 found to be covered by a 23-valent polysaccharide vaccine (PS23).
Characteristics of multidrug-resistant strains. Thirty strains (41%) were found to be resistant to at least two different antibiotics examined in the present study, in which strains were described as PSSP, PISP, or PRSP according to their susceptibilities to penicillin (Table 2) . Macrolides elicited the highest resistance: 83.3% of strains were resistant to EM, CAM, or AZM, or to all three. Seven strains (23.3%) appeared to be simultaneously resistant to penicillin and macrolides. One 
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on August 29, 2017 by guest http://jcm.asm.org/ serotype15F strain was uniquely resistant to penicillin, cephems, and macrolides as well as fluoroquinolone, indicating a very wide spectrum of antimicrobial resistance. Seven and 11 strains in the serotype 19F and 23F groups, respectively, were multidrug resistant. In the serotype 19F group, PSSP and PISP strains showed the same pattern of resistance to all the macrolides, while PRSP strains expressed variance. Although the serotype 23F group showed results similar to those seen with the 19F group, five strains were proven to be resistant to cephems, whereas no such resistance has been found in the serotype 19F group yet ( Table 2) . Molecular characteristics by PFGE. PFGE was performed on all 73 strains, and the DNA patterns showed tremendous diversity (data not shown). In the serotype 19F group, three DNA patterns were detected among 10 strains (Fig. 2) . Seven strains showed pattern A, which was similar to the pattern of the internationally spreading Taiwan 19F clone; two strains had pattern C; and only one strain showed pattern B. Three of the pattern A strains were from inpatients who were regarded as NPI patients and resided in different wards, and the others were from outpatients. The strains with pattern C were both from the same member of the hospital staff. The pattern B strain, isolated from an outpatient, was the only PSSP strain in the serotype 19F group.
In the serotype 23F group, including predominant DNA patterns b and d, a total of 10 different patterns were detected (Fig. 3) . All six pattern b strains were from inpatients residing in the same ward except for one patient, and three of these strains were isolated from the same patient on different dates. Furthermore, except for P03-60, all these strains belonged to NPI patients. As many as eight strains showed pattern d; of these, four were from inpatients defined as having NPI and the others were from outpatients. Strains P02-306 and P03-24 were isolated from the same inpatient, while P03-51 and P03-55 were from the same outpatient. The internationally spreading clones Spain 23F and Taiwan 23F each showed a unique pattern that had no relatedness to the patterns of any of the 23F clinical isolates in this study.
DISCUSSION
Drug-resistant S. pneumoniae has spread widely in the world since the 1970s, with the increased resistance expanding to a wider spectrum of antibiotics (1, 12, 15, 22, 33) . In this study, we found that 72.6% and 83.3% of all strains were not susceptible to penicillin and macrolides, respectively, numbers that were very close to the findings of previous studies (14, 30) . One possible cause of the increase in drug resistance is long-term antimicrobial therapy (15) . To date it has been thought that the priority for clinicians is to choose the appropriate chemotherapy for patients, usually with underlying diseases. The strains in this study showed the most susceptibility to IPM and VCM, a finding consistent with the results of a previous national survey in Japan (30) . These findings suggested that the application of IPM and VCM might sometimes be effective in empirical therapy of pneumococcal infection with the prescription of ␤-lactam antibiotics.
We also found that the multidrug-resistant strains were relatively concentrated in serotypes 3, 14, 6B, 19F, 23A, and 23F. This suggested that strains of these serotypes may acquire drug resistance more easily than strains of other serotypes. Fortunately, these serotypes were covered by PS23, except for the serotype 23A strain. The vaccine coverage rate was 71.2% in this study, which indicated that preventive use of pneumococcal vaccine would be an effective measure to reduce morbidity and mortality in cases of pneumococcal infection, especially in the elderly.
As is well known, the pbp1a, pbp1b, pbp2x, pbp2a, pbp2b, and pbp3 genes encode penicillin-binding proteins (PBPs), and altered pbp1a, pbp2x, and pbp2b genes play a very important role in inducing penicillin resistance in S. pneumoniae by decreasing the affinity for ␤-lactam antibiotics (10, 24, 40) . On the other hand, it has been reported that the erm(B) gene, which encodes the 23S rRNA methylase, and the mef(A) gene, which is assumed to encode the efflux pump system, are the predominant mechanisms of macrolide resistance (36, 38) . No analyses of these genes as an alternative application of PFGE for detecting the transmission route were performed in this study. Although in the field of molecular epidemiology, the incidence of mutation in these genes often gives us a hint for explaining the interlinks in the genetic transmission of a pathogen, which is useful for explaining the modification and spread of antibiotic resistance characteristics, PFGE is thought to be one of the most discriminating fingerprinting methods for verifying interstrain genetic relatedness, and in comparison to other frequently used methods such as amplified fragment length polymorphism or multilocus sequence typing, PFGE uniquely analyzes the whole chromosomal DNA and is comparatively cost-effective (11, 26) .
The PFGE patterns of all 73 strains showed significant diversity based on their serotypes (data not shown). Since serotype 19F and 23F strains constituted the majority, molecular analysis focused on such strains. We found genetic relatedness for most of the serotype 19F strains isolated from either NPI patients or outpatients, and the pattern was undistinguishable from that of the Taiwan 19F clone. Our previous national survey had already demonstrated that the Taiwan19F clone was spreading widely in Japan (30) , which suggested that the causative pathogen spreading between NPI patients and outpatients might have originated from the same parent strain. A previous study indicated that there was some association between hospital-and community-acquired respiratory infections caused by Moraxella catarrhalis (20) . In this study, we detected pattern A in the serotype 19F group in both NPI patients and outpatients, as well as pattern d in the serotype 23F group, indicating that some association existed between NPI patients and outpatients even in pneumococcal infection.
There was an NPI outbreak caused by pattern b strains in ward 3W, 311, which proved that the pathogen can spread from patient to patient under crowded conditions. Although strains P03-31 and P02-300 and strains P02-306 and P02-308 were isolated from NPI patients on separate floors, they expressed the same PFGE patterns, c and d, respectively. Why did strains isolated from different backgrounds express similar molecular characteristics? One possible reason is that the pathogen may be spread by patients or hospital staff members. We found some evidence to support the assumption of interpatient transmission. It was a pity that we failed to prove direct transmission between hospital staff members and patients in this study. Since PFGE is the suitable fingerprinting method, it appears to be necessary to use a larger sample size and a more accurate research design in a future study.
In conclusion, the prevalence of drug-resistant S. pneumoniae was still high, and the predominant serotypes were 19F and 23F. PFGE data demonstrated that the Taiwan 19F clone was spreading widely and that the Spain 23F and Taiwan 23F clones were not spreading in Japan, but some unique clones of 23F were. The data also suggested that there was some association between isolates from NPI patients and those from outpatients. Finally, we demonstrated possible NPI transmission from patient to patient due to crowded conditions. Further work should be done to expose the possible transmission route between hospital staff members and patients.
